Introduction
lished names: Thermaerobacter marianensis (Takai et al., 1999) , Thermaerobacter nagasakiensis (Nunoura et al., 2002) , Thermaerobacter subterraneus (Spanevello et al., 2002) and Thermaerobacter litoralis (Tanaka et al., 2006) .
Materials and Methods
Composting system and sample collection. A sample was obtained from ripe compost produced by a fi eld scale composter (Hazaka system; Hazaka Plant Kogyo Co., Ltd., Japan), which has been used for the treatment of food sludge such as residues of bean sprouts and tofu. The appearance of the composter is an open strip furrow (100 m [length] 3 m [width] 2 m [depth]) with an automatically scoop-type turner. The organic materials were composted in the strip furrow with turning machines and high pressure air from the bottom. The well-mixed 10 m 3 of organic materials and about 10 m 3 of ripe compost were placed at the front end of the strip furrow. As the turning machines moved forward, 4 m day 1 , from one end of the furrow, they mixed and transferred the composting materials behind them. Therefore, the ripe compost was produced in the fi rst 25 days. During the fermentation period, the composting material achieved a temperature of over 80 C by microbial-self-heating. The sample was collected in a plastic bag (Ziploc), and transported to the laboratory and stored at room temperature until used.
Isolation and purifi cation. Isolation plates were composed of 1 g yeast extract, 2 g tryptone, 1 g NaCl, 1 g MgSO 4 7H 2 O, 2 g CaCl 2 , 50 ml compost extract (described below) and 20 g Gellan gum (Wako) that remains solid at temperatures up to 80 C, per L of distilled water. The compost extract was prepared by extracting 100 g (wet weight) of the compost with 1 L of H 2 O at 120 C for 60 min. After centrifugation (8,000 g; 15 min), the supernatant was used as the compost extract. The pH of the isolation plate was adjusted to 8.0 with NaOH at room temperature. The sample (1 g wet weight) was serially diluted in saline solution, and the dilutions were plated on plates. The plates were incubated at 78 C for 5 days. Single well-separated distinct colonies were picked, grown, and purifi ed three times. The purifi ed strain was stored at 4 C and serially transferred to the plate.
Light and electron microscopy. Morphology of the new isolate was observed using a differential interfer-ence microscope. Spore-formation was observed using a phase contrast microscope. Cells were negatively stained with 2% uranyl acetate and observed under a JEOL JEM2000EX transmission electron microscope at an accelerating voltage of 100 kV.
Determination of growth. Growth of the new isolate under various conditions was determined by direct counting of cells stained with 4 , 6-diamidino-2-phenylindole dihydrochloride (DAPI) using a fl uorescence microscope (ECLIPSE TE300; Nikon). In order to determine the effect of pH, temperature, and NaCl on growth, the isolate was cultivated in basal salt medium (Brock and Freeze, 1969) which was supplemented with 0.1% (w/v) yeast extract and 0.1% (w/v) tryptone. Temperature, pH and NaCl concentration tests were carried out at 45 80 C (pH 8.0), pH 5.5 11.5 (75 C), and NaCl 0 3% (75 C, pH 8.0). The pH of the basal salt medium was adjusted to 8.0 with NaOH and to various values with HCl and NaOH at room temperature. Anaerobic growth was observed in test tubes by adding 0.1% (w/v) NaNO 3 , Na 2 SO 3 , NaNO 2 or Na 2 S 2 O 3 to basal salt medium. Air was replaced with N 2 .
Substrate utilization. To determine the utilization of organic substrates, each of the following substrates was added to basal salt medium (pH was adjusted to 8.0): 0.1% (w/v) yeast extract, 0.1% (w/v) tryptone, 0.1% (w/v) yeast extract and tryptone, gelatin, casein, casamino acid, starch, dextrin, carboxymethylcellulose sodium salt, chitin, xylan, humic acid, D-(+)-glucose, sucrose, lactose, maltose, galactose, mannitol, fructose, cellulose, cellobiose, xylose, arabinose, mannose, raffi nose, inositol, tartrate, acetate, pyruvate, succinate, lactate, isoleucine, valine, serine, proline, lysine, arginine, histidine, glycine, threonine, alanine, leucine, methionine, phenylalanine, tryptophan, tyrosine, asparagine, glutamine, glutamate and aspartate. The concentration of each organic substrate was 0.2% and 0.02% (w/v). To determine the utilization of sulfur compounds, the following sulfur compounds were used: Na 2 SO 3 (0.1%), S 0 (1%), Na 2 S 2 O 3 (0.1%) and Na 2 SO 4 (0.1%).
DNA isolation and base composition. Genomic DNA of the isolate was prepared using ISOPLANT I (Nippon Gene) according to the manufacturer s protocol. The G+C content (mol%) of the genomic DNA was determined by HPLC (Tamaoka and Komagata, 1984) using an ODS 120T column (4.6 mm 250 mm) (TOSOH, Japan) with the DNA-GC kit (Yamasa Shouyu, Japan).
16S rRNA gene analysis. For determination of the 16S rRNA gene sequence of the isolate, cells were lysed as described below, and the lysed cells were supplemented with template DNA for the PCR reaction. Colony of the isolate on the isolation plate was picked and suspended in 200 µl sterilized water contained 0.01% (v/v) Triton X100, and then the suspended cells were heat-treated for 10 min at 99 C. The PCR reaction was carried out in 50 µl reaction mixture containing 2 µl the template DNA, 1 µl primer (each 10 µM), 4 µl dNTP (each 2.5 mM; TaKaRa Bio), 5 µl 10 Ex Taq buffer (TaKaRa Bio), 0.25 µl TaKaRa Ex Taq HS (TaKaRa Bio), and 36.75 µl sterilized water. The 16S rRNA gene was amplifi ed using primers F27: 5 -AGAGTTTGAT-CATGGCTCGA-3 (positions 8 27 of the Escherichia coli 16S rRNA gene); and R1492: 5 -GGCTACCTTGT-TACGACTT-3 (positions 1510 1492). The PCR thermal cycling was carried out in a TaKaRa PCR Thermal Cycler MP-3000 (TaKaRa Bio) using the following parameters: 94 C for 3 min followed by 30 cycles of 94 C for 30 s, 55 C for 1 min, 72 C for 2 min, and fi nally, an extension cycle of 72 C for 7 min. The amplifi ed fragments contained 1,566 nucleotides. The fragments were purifi ed with an ExoSAP-IT (Amersham Biosciences). Purifi ed PCR products were sequenced using the BigDye Terminators v1.1 Cycle sequencing Kit (Applied Biosystems) as described in the manufacturer s protocol. Sequence reactions were determined with an ABI Prism 3100 Genetic Analyzer (Applied Biosystems) using primers F27 and R1492, followed by primer walking with forward primers N1 (5 -GCAAGTCG-GATGTGAAAG-3 ) and N2 (5 -TGTGTTGCCAGCGG-TTTG-3 ) and reverse primers B1 (5 -GTTCTTCGCG-TAGCTTCG-3 ) and B2 (5 -TGCTGGCACGTACTTAG-C-3 ). The 16S rRNA gene sequence of strain Ni80 T was compared with sequences obtained from Gen-Bank. Multiple alignments of the sequences were performed using CLUSTAL W (version 1.83) (Thompson et al., 1994) , and gaps and ambiguous bases were not taken into consideration. The evolutionary distances were computed using the Kimura 2-parameter method (Kimura, 1980) . A phylogenetic tree was constructed with the neighbor-joining method (Saitou and Nei, 1987) by using the MEGA version 4.1 (Tamura et al., 2007) with bootstrap values based on 1,000 replications (Felsenstein, 1985) .
DNA-DNA hybridization. DNA-DNA hybridization experiments were carried out fl uorometrically, using photobiotin-labeled DNA probes and microdillution wells as described by Ezaki et al. (1989) . Hybridization temperature was 53.8 C.
Results

Isolation and purifi cation
Approximately 40 100 colonies were formed on the isolation plates inoculated for 72 h at 78 C with serially diluted the sample. Morphology of all the colonies was similar (small, yellow and spreading colonies). Microscopic examination of these colonies usually revealed short and long fi laments. One of these colonies was restreaked, and stock culture was prepared by inoculating agar slants from the second plate. The isolate was designated strain Ni80 T .
Morphology
The cells of strain Ni80 T were motile, Gram-positive rods, about 1.0 7.0 µm long and 0.3 0.4 µm wide. The cells occurred in chains or fi laments (above 10 µm) in the exponential phase, but in the stationary phase, singly or in pairs. The result of transmission electron microscopy of negatively stained cells indicated that these cells showed peritrichous fl agellation (Fig. 1a,  b ). Spores were formed in the agar slant stored 2 months at 4 C. Spores are round, and terminate with bulged sporangium (Fig. 1c) .
Growth characteristics and substrate utilization
Strain Ni80 T grew at temperatures of 52 79 C, with an optimum at 70 C, and within a pH range of 6.5 10.5, with an optimum at 8.0 on the basal salt medium supplemented with 0.1% (w/v) yeast extract and tryptone ( Table 1 ). The maximum cell concentration achieved was 5.5 10 8 cells ml 1 . It grew under aerobic conditions, and did not grow under any of the anaerobic conditions.
Carbohydrates (starch, dextrin, carboxymethylcellulose sodium salt, chitin, xylan, humic acid, D-(+)glucose, sucrose, lactose, maltose, galactose, mannitol, fructose, cellobiose, xylose, arabinose, mannose, raffi nose, inositol), amino acids (isoleucine, valine, serine, proline, lysine, arginine, histidine, glycine, threonine, alanine, leucine, methionine, phenylalanine, tryptophan, tyrosine, asparagine, glutamine, glutamate, aspartate), organic acids (tartrate, acetate, pyruvate, succinate, lactate), Casamino acids and casein could not be used as the sole carbon source. Growth was observed with yeast extract, tryptone (alone or in combination), and gelatin (0.2%) (Table 1) . Na 2 SO 3 , Na 2 S 2 O 3 and Na 2 SO 4 did not affect growth, whereas 1% S 0 inhibited growth completely.
DNA base composition and 16S rRNA gene sequence
The G+C content of strain Ni80 T was 72 mol%, as determined by HPLC analysis (Table 1) . A phylogenetic tree based on 16S rRNA gene sequences was constructed (Fig. 2) . Sequence similarities of the 16S rRNA gene between strain Ni80 T and relatives were as follows: Thermaerobacter subterraneus ATCC BAA-137 T , 98.2%; Thermaerobacter nagasakiensis JCM 11223 T , 98.2%; Thermaerobacter marianensis JCM 10246 T , 98.0% and Thermaerobacter litoralis JCM 13210 T , 97.7%.
DNA-DNA hybridization
DNA-DNA hybridization value showed less than 10% genomic relatedness between strain Ni80 T and Thermaerobacter subterraneus ATCC BAA-137 T , Thermaerobacter nagasakiensis JCM 11223 T , Thermaerobacter marianensis JCM 10246 T , and Thermaerobacter litoralis JCM 13210 T .
Discussion
Strain Ni80 T is Gram-positive, rod-shaped, extremely thermophilic bacterium which was isolated from food sludge compost. The results of 16S rRNA gene sequence of strain Ni80 T was similar to other Thermaerobacter species (97.7 98.2% similarity) but there are many differences in phenotype between other Thermaerobacter species (Table 1 ). The strain Ni80 T is motile with peritrichous fl agellation, whereas other Thermaerobacter species are non-motile or motile with monopolar or dipolar fl agella. The cells of strain Ni80 T had a unique shape that was a chain or fi lament in the exponential phase. While strain Ni80 T is spore-forming, T. marianensis, T. nagasakiensis and T. litoralis are non-spore-forming. These bacteria are also different with respect to the effect of pH, NaCl concentration, and/or the utilization of nutrient source. While strain Ni80 T and T. subterraneus grew under alkaliphilic conditions (pH 10.5) and did not grow in the presence of 1.0% NaCl, other Thermaerobacter species did not grow above pH 9.5 and grew well at 1.0% NaCl. Several carboxylic acids and amino acids support the growth of either T. marianensis or T. litoralis, but not that of strain Ni80 T . Moreover, DNA-DNA hybridization showed relatedness values of less than 10% with other Thermaerobacter species. This result suggests strongly that strain Ni80 T should be classifi ed within a distinct species (Wayne et al., 1987) . Phylogenetic and phenotypic characteristics of strain Ni80 T confi rm that it represents a new species of genus Thermaerobacter for which we propose the name Thermaerobacter composti sp. nov. The isolation source of strain Ni80 T was quite different from other Thermaerobacter species. Isolation sources of T. nagasakiensis, T. litoralis and T. subterraneus are high-temperature environments which had been formed in nature such as geothermal areas (Nunoura et al., 2002; Spanevello et al., 2002; Tanaka et al., 2006) . For example, T. nagasakiensis and T. litoralis were isolated from fl uids in shallow hydrothermal vents in Tachibana Bay, Nagasaki, Japan (Nunoura et al., 2002) , and fl uids in coastal hydrothermal beach in Satsuma Peninsula, Kagoshima, Japan (Tanaka et al., 2006) . Strain of T. marianensis has been isolated from mud of sea-fl oor (10,897 m) in the Mari-ana Trench Challenger Deep (Takai et al., 1999) . But the compost isolation source of strain Ni80 T , was a man-made hot-environment, as previously described.
These results indicate that Thermaerobacter may exist not only in geothermal areas but widely throughout nature.
Description of Thermaerobacter composti sp. nov.
Thermaerobacter composti (com.pos ti. N. L. n. compostum-i compost; N. L. gen. n. composti of compost).
Cells are Gram-positive, rod-shaped cells. 1.0 7.0 µm in length and 0.3 0.4 µm in width. Motile by means of peritrichous fl agella. Spores are round in shape, and terminate with bulged sporangium. Growth occurs at 52 79 C (optimum 70 C), pH 6.5 10.5 (optimum pH 8.0). Does not require NaCl and growth is inhibited by NaCl concentrations higher than 1%. Heterotrophic growth with yeast extract and tryptone. Growth is inhibited by S 0 . G+C content of genomic 
Spanevello et al. Tanaka et al. (2006) DNA is 72 mol% (HPLC analysis). 16S rRNA gene sequence exhibits 97.7 98.2% similarity to that of other Thermaerobacter. The type strain is strain Ni80 T (=JCM 15650 T =ATCC BAA-1731 T ).
